Introduction
============

Coronary artery disease (CAD) is the leading cause of mortality and years of life lost worldwide as well as in Iran.^[@B1]^ In our country, about 46% of deaths are due to cardiovascular diseases and it imposes a high burden on the society.^[@B2]^ Prevention and early diagnosis of CAD could, therefore, decrease the disease morbidity and burden.

Atherosclerosis is a chronic systemic disease that involves cardiac and peripheral arteries and is the leading cause of death and loss of productive life years the world over. Exposure to the known atherosclerosis risk factors begins the process with endothelial dysfunction and leads to intima-media thickening and development of atheromatous plaques, causing vascular lumen stenosis and obstruction.^[@B3]^ These events remain asymptomatic until a critical lumen becomes so stenotic that it cannot supply sufficient blood to the related organ, giving rise to ischemic symptoms. Thus, these processes tend to become symptomatic earlier in small vessels with smaller diameters such as penile vessels and lead to symptoms such as erectile dysfunction (ED). Indeed, CAD and ED may be regarded as the end-organ disease of atherosclerosis in the two organs.^[@B3]^

ED, defined as the inability to achieve and maintain an erection sufficient for satisfactory sexual performance,^[@B4]^ is a frequent disorder affecting over 50% of men aged between 40 and 70 years^[@B5]^ and approximately 322 million men around the globe.^[@B5],\ [@B6]^ Moreover, ED is believed to be a manifestation of atherosclerotic vascular disease.^[@B5],\ [@B7]^ ED can, therefore, be deemed the primary and early manifestation of subclinical systemic atherosclerotic vascular disorder.^[@B3]^

Patients with CAD are at increased risk for ED as a result of psychological problems primarily or secondary to heart issues and also due to drugs such as beta blockers.^[@B8]--[@B10]^ The existence of common risk factors such as obesity, cigarette smoking, hypercholesterolemia, metabolic syndrome, and sedentary lifestyle^[@B11]--[@B13]^ and similar pathophysiology^[@B4],\ [@B14]^ have strengthened the idea that there is an association between ED and advanced atherosclerotic CAD.^[@B7],\ [@B9]^

Up to now, many studies have investigated the relation between CAD and ED and have confirmed this association^[@B15]--[@B17]^ while the relation between the severity of ED and the number of occluded coronary arteries in patients with myocardial infarction has been studied by only a few studies.^[@B18],\ [@B19]^ Therefore, there is still a gap in our knowledge of this field of science. What is more, no research has been previously done on this issue in Iran.

The aim of this study was to investigate the association between ED and CAD and also between the severity of ED and the number of occluded coronary vessels.

Methods
=======

In this case-control study, 200 male patients referred for coronary angiography to Madani Heart Center in Khorram Abad between February and July 2010 were included. Patients with a history of surgery for pelvic trauma, psychiatric disease, and percutaneous or surgical myocardial revascularization procedures as well as those with unfavorable penile anatomy for sexual act and diseases that could alter sexual activity such as liver cirrhosis, renal failure, thyroid disease, and spinal cord injuries were excluded.

The study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Khorram Abad University of Medical Sciences. Written informed consent was obtained from all the participants before enrollment.

A detailed history, including family history of CAD, history of diabetes, smoking, and use of opium, was taken. All the patients underwent complete physical examination and laboratory tests, including lipid profile, fasting glucose, and free-plasma testosterone levels. The definition of each of the CAD risk factors (mentioned above) is presented in [Table 1](#T1){ref-type="table"}.

###### 

Risk factors definition assessed in the study

  Risk factor             Definition
  ----------------------- ----------------------------------------------------------------------
  Hypertension            Blood pressure \> 140/90 mmHg in three consecutive readings, at rest
  Diabetes                Fasting glucose level \> 7.0 mmol/L (\> 125 mg/dL)
  Obesity                 Body mass index (BMI) ≥ 30 kg/m^2^
  Family history of CAD   Parents with CAD at age \< 55 (father) or \< 65 (mother)
  Smoking                 At least ten cigarettes a day
  Hyperlipidemia          
                          TG \> 200 mg/dL
                          HDL \< 25 mg/dL
                          LDL \> 160 mg/dL

CAD, Coronary artery disease; TG, Triglyceride; HDL, High density lipoprotein; LDL, Low density lipoprotein

ED was evaluated using the erectile function domain of the International index of erectile function-erectile function domain (IIEF-EFD), which includes six questions about sexual activity in the past 6 months. Each question is scored 0 to 5. A score of 26 or less was considered as impairment of erectile function.^[@B20]^ According to the IIEF scores, the patients were diagnosed with mild (score: 17 to 25), moderate (11 to 16), and severe (10 or less) ED. The questionnaires were analyzed in a blinded mode, independently of the results of the coronary endothelial function testing.

Diagnostic coronary angiography was performed in all patients by standard technique. The observers and analyzers were not aware of the results of the patients' IIEF-EFD questionnaire. Significant angiographic stenosis was defined as \> 50% diameter stenosis involving either one major epicardial vessel at any site or any collaterals with \> 3 mm diameter. Four groups of patients were considered according to the angiographic results: Group 1 (G1, n = 59): patients with one-vessel disease (1-VD); Group 2 (G2, n = 40): patients with two-vessel disease (2-VD); Group 3 (G3, n = 50): patients with three-vessel disease (3-VD); and controls (C, n = 51) without any significant arterial stenosis.

The prevalence of ED and its risk factors were calculated in the study groups.

For all the statistical analyses, SPSS Software (Statistical Package for Social Sciences, Chicago, IL, USA) version 18 for Windows was used. The categorical data were presented as numbers and percentages and the numerical data by mean and standard deviation. Comparisons between the groups from the aspect of ED prevalence and risk factors were done using the chi-squared test. Also, the Kendall tau rank correlation test was applied, and Gamma coefficient was calculated to find the association between CAD and ED. For the comparison of the numerical data with normal distribution between the two groups, the independent sample t-test was used. The quantitative variables were compared between the CAD groups by the one-way ANOVA if data distribution was normal and by the Kruskal-Wallis if the distribution of data was not normal. As the distribution of the IIEF scores was not normal, the Kruskal-Wallis test was used for the comparison of these data between the four CAD groups. Multiple logistic regression was used for the binomial variables to remove confounding factors such as hypertension, diabetes, hyperlipidemia, cigarette smoking, opium usage, family history, and obesity. Also, univariate analysis of variance was performed. Correlation between CAD and ED severity was assessed using the Spearmen correlation tests. A p value \< 0.05 with 95% confidence interval (CI) was considered statistically significant.

Results
=======

In this study, a total of 200 participants, including 149 patients with CAD and 51 controls, were enrolled. The mean age of all the participants was 57.69 ± 12.466 years (range: 35--82). Among all the participants, 25 (12.5%) were obese \[body mass index (BMI) ≥ 30 kg/m^2^\]. [Table 2](#T2){ref-type="table"} shows the demographic characteristics of the four study groups and all the participants. ED was found in 143 (71.9%) patients in the whole study population. There were no significant differences between the four study groups in terms of CAD risk factors except for age, hypertension, and diabetes. There were no significant differences between the four groups as regards mean BMI and prevalence of smoking, positive family history of CAD, hyperlipidemia, opium addiction, and ED ([Table 2](#T2){ref-type="table"}). The prevalence of ED increased with an increase in the number of involved vessels, and there was a significant direct correlation between the number of involved vessels in the CAD patients and ED severity (r: 0.183; p value = 0.010). Also, there was a significant inverse correlation between the severity of CAD and the IIEF scores (r: −0.216; p value = 0.002). In addition, the mean IIEF score was significantly lower in the patients with CAD than in those without CAD without considering the number of involved vessels (p value = 0.029). Comparison of the four CAD groups showed a significantly lower mean IIEF score in the patients with a higher number of involved vessels than in those without CAD (p value = 0.013).

###### 

Demographic characteristics of the study population[^\*^](#TFN2){ref-type="table-fn"}

  Parameters              No CAD (Controls)   CAD Groups   All participants   P value                    
  ----------------------- ------------------- ------------ ------------------ ------------ ------------- ----------
  Age (y)                 53.43±11.53         54.97±1.54   60.15±1.70         63.38±1.83   57.69±12.47   \< 0.001
  BMI (kg/m^2^)           26.53±3.60          26.79±4.41   26.81±3.12         25.56±2.21   26.42±3.53    0.329
  Family history of CAD   8 (15.7)            10 (16.9)    8 (20.0)           4 (8.0)      30 (15.0)     0.407
  Opium usage             8 (15.7)            20 (33.9)    16 (40.0)          16 (32.0)    60 (30.0)     0.060
  Smoking                 22 (43.1)           33 (55.9)    22 (55.0)          26 (52.0)    103 (51.5)    0.553
  Diabetes                4 (7.8)             6 (10.2)     15 (37.5)          14 (28.0)    39 (19.5)     \< 0.001
  Hyperlipidemia          18 (35.30)          22 (37.3)    15 (37.5)          9 (18.0)     64 (32.0)     0.108
  Hypertension            18 (35.30)          20 (33.9)    23 (42.5)          12 (24.0)    73 (36.5)     0.011
  Body mass                                                                                              0.047
    Normal BMI            12 (26.1)           19 (35.8)    12 (40.0)          19 (45.5)    62 (31.0)     
    Overweight            26 (56.5)           22 (41.5)    13 (43.3)          23 (54.8)    84 (49.1)     
    Obesity               8 (17.4)            12 (22.6)    5 (16.7)           0            25 (14.6)     
  Erectile dysfunction    31 (60.8)           41 (69.5)    30 (75.0)          41 (83.7)    143 (71.9)    0.077

Data are presented as mean±SD or n (%)

CAD, Coronary artery disease; BMI, Body mass index

The prevalence of ED without considering its severity was significantly higher in the patients with CAD (112 patients, 75.16%) without considering the number of involved vessels than in the control group (31 individuals, 60.8%; p value = 0.041).

[Figure 1](#F1){ref-type="fig"} depicts the prevalence of ED in the different age groups of CAD patients. In our study, ED prevalence increased by age and ED was diagnosed in more than 91% of the patients and 100% of the controls. [Table 3](#T3){ref-type="table"} demonstrates the severity of ED based on the IIEF-EFD scores and the mean scores of the IIEF-EFD in the four study groups. The prevalence of severe ED (IIEF score \< 10) was 3.4% in the patients with one-vessel disease and 8.88% in the patients with multi-vessel disease.

![Erectile dysfunction prevalence in the coronary artery disease patients (Cases) and normal (Control) group according to the age decades](jthc-9-70f1){#F1}
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Severity of ED based on the IIEF-EFD scores in the study groups[^\*^](#TFN4){ref-type="table-fn"}

  Severity of ED      No CAD (controls)   CAD Groups    P value                     
  ------------------- ------------------- ------------- ------------- ------------- -------
  Erectile function                                                                 0.087
    Normal            20 (39.2)           18 (30.5)     10 (25.0)     8 (16.3)      
    Mild ED           27 (52.9)           31 (52.5)     24 (60.0)     32 (65.3)     
    Moderate ED       0                   8 (13.6)      2 (5.0)       5 (10.2)      
    Severe ED         4 (7.8)             2 (3.4)       4 (10.0)      4 (8.2)       
  IIEF-EFD score      23.12±6.520         21.58±5.446   21.05±6.567   20.18±5.667   0.013

Data are presented as mean±SD or n (%)

ED, Erection dysfunction; IIEF-EFD, International index of erectile function-erectile function domain; CAD, Coronary artery disease

There was a weak positive relationship between the severity of CAD and ED severity (Kendall tau-b value = 0.145, Gamma coefficient = 0.334), which was not significant statistically (p value = 0.056).

When confounding risk factors such as age, hypertension, and diabetes were removed using multiple logistic regression analysis, the significant association between CAD and ED changed to non-significant.

Also, univariate analysis of variance was performed but again no significant association was found between CAD and ED.

Discussion
==========

In this study, the prevalence of ED in the men with angiographically confirmed CAD was higher than that in the control group without CAD and there was an association between ED and CAD. This rate is significantly higher than that in the general male population and diabetic males in Iran. The prevalence of ED in Iranian men aged between 20 and 70 years has been reported to be about 18.8% in the general population and 35.1% in diabetic patients.^[@B21],\ [@B22]^ This higher rate in our study can be explained by the presence of further risk factors in our patients other than diabetes.

The mentioned study in Iran reported that the ED rate increased with advanced age.^[@B22]^ As was expected, in the patients with or without CAD, there was an increase in the ED prevalence in the old ages in our study, which confirms the results of previous studies.^[@B7],\ [@B22],\ [@B23]^ Studies have shown that age is most strongly associated with ED.^[@B7]^

CAD and ED share common risk factors, including diabetes, hypertension, dyslipidemia, obesity, cigarette smoking, and the metabolic syndrome.^[@B11]--[@B13],\ [@B24]^ Accordingly, the risk factors of CAD are more frequent in men with ED.^[@B7],\ [@B14]^ Some studies have provided evidence that ED appears before CAD and other manifestations of this systemic endothelial dysfunction.^[@B15]--[@B17],\ [@B25]^

As these patients were newly diagnosed with CAD and CAD in most of these patients was in its initial stages, ED was in the early stages too. As a result, the prevalence of mild ED was higher in our patients.

The severity of ED has been found to be related to the degree of atherosclerosis.^[@B9]^ Severe ED (IIEF score \< 10) was more frequent in our patients with multi-vessel as compared to the patients with single-vessel disease (8.8% vs. 3.4%).

In the recent largest ED population-based cohort in Australia, the prevalence rates of severe ED were reported to be 2.2% for the age group of 45--54 years, 6.8% for the age group of 55--64 years, 20.2% for the age group of 65--74 years, 50.0% for the age group of 75--84 years, and 75.4% at age \> 85 years, which are higher than our findings in CAD patients and controls.^[@B23]^ However, the prevalence of ED in the patients with various severity of CAD was higher than the reported rates in a recent Brazilian study.^[@B18]^ The Brazilian study, conducted on patients with myocardial infarction, found a correlation between the severity of ED and the number of occluded vessels in these patients.^[@B18]^ Our patients did not have myocardial infarction; nonetheless, our results confirmed the same correlation between the severity of ED and the number of involved vessels in the CAD patients as documented by angiography.

An Australian cohort showed that men with severe ED compared to men without it had approximately 1.5 to 2.0 fold risk for ischemic heart disease, peripheral vascular disease, combined cardiovascular events, and all-cause mortality. In contrast, in our study, a significant association between CAD and ED changed to non-significant after adjustment for confounding factor. Most of the observed effects were allied to the confounding factors of age and diabetes. Several limitations may have influenced our results. This may be due to probable recall bias in the accomplishment of the IIEF questionnaire or due to selection bias in selecting individuals with CAD risk factors like diabetes for the control group. Another shortcoming of our study is that patients taking drugs effective on erectile function were not excluded. The high rate of ED in our study may be explained by this fact. Furthermore, some risk factors such as hypertension, diabetes, family history, and age were not uniformly distributed between the groups; there may, therefore, be other possible resources for confounding bias.

Conclusion
==========

There was a significant correlation between ED severity and the number of involved vessels as documented by coronary angiography. Our results showed that ED was not an independent causative risk factor for CAD but it may be considered as an early risk marker for endothelial dysfunction and CAD and a biomarker for the development of atherosclerosis and CAD. Consequently, when a man presents with ED, evaluations for coronary vessel involvement should be recommended.
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